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Abstract 
All the regions of upstream and downstream in identical basin take the maximization of their own benefit as a goal, 
as a result, water environment safety has became the main restriction in the development of economy and society of 
basin city. In order to solve a series of questions of the basin city such as the water resource shortage as well as the 
water environmental pollution, on the basis of the theory of water rights market, the article has studied the 
differences of various regions of upstream and downstream in identical basin, integrated the compensation 
mechanism in the water rights trading. Begin with the trading price, the article has established the operating pattern 
of compensation of water rights trading of basin city based on the differences of function regionalization, thus 
sought the way to solve the problem of water environment of basin city fundamentally.
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1. Introduction 
For thousands of years, with growth and consummation of the basin, a series of "Basin City" is formed along the 
basin. The supply of domestic water and production water comes from the basin, and the polluted and waste water 
produced in the cities pours into the basin. At present, the problem of water environment of domestic basin is very 
serious. The disorder construction caused by city expansion along basin brought the more and more serious harm to 
water environment of basin, which has became the important restriction factor for the development of economy and 
society. The production of basin water environment is an economic issue in the final analysis. From the perspective 
of modern property right economics, the most effective economical method to solve water shortage is to establish 
perfect water rights trading market, take water resources as a kind of commodity, use the method of market trading, 
reflect the real supply-demand relations of water with the price, make the externality of water resources carry on 
certain transformation. Finally, it urges the trading principal-mankind to save water resources and reduce water 
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pollution diligently, thus determine the supplies of water resources according to needs, realize enlarging and 
economizing of water resources. 
2.The analysis of function regional difference of basin city 
The basin is the catchment region which has surface runoff converges to its main stream and tributary in 
watershed scope. It is a natural region has quite strong integrity. The interrelation of various natural elements of 
basin is extremely close, and the interlocal effect is obvious. Specially, the upstream and downstream in identical 
basin are interrelated and interact on each other, they are one formed naturally and indivisible symbionts. However, 
as a complete natural region, the basin is divided by different administrative area and function area, which caused 
the conflict of interest inevitably. 
Because of the fluidity of stream in basin system from high to low, inevitably, the water pollution in upstream 
affects directly the downstream area. The regions in the basin system have differences, the upstream area is usually 
the mountainous and valley region, and then the downstream area is usually the plain and water reticulation network 
region. As a result of this kind of difference, the differences of economic activity between upstream and downstream 
area is really great. The economical level of upstream area usually falls behind reversely because of restricts of the 
natural condition, and the downstream area often is the center of the whole basin. In spite of this, basin is also an 
interactionalǃ indivisible and unified whole. Considering the mechanism of basin development, we cannot only see 
the partial economic interest, but take the basin as a whole, and balance the interrelation of each region of basin 
synthetically (Ying, 2007) . 
According to the different function of water resources in different regions, it could be divided into runoff 
generating area and the consumption area (Lan et al., 2003). 
2.1. The Runoff Generating Area 
Most of the water head area of basin in our country concentrates on the mountainous area, for example, the main 
runoff generating area of upper Yellow River- Gannan Plateau is located at the associative area of the Qinghai-Tibet 
Plateau and the Loess Plateau which is belong to the riverhead area of upper Yellow River. The unique geographical 
environment has bred a large area of grassland ecosystem, forest ecosystem, and Wetlands ecosystems, which is the 
important ecological barrier in upper Yellow River. It has the extremely important function, such as water 
conservation, water supply, water and soil conservation, maintain biodiversity, regulate climate and so on, and play 
an irreplaceable role in maintaining water resources and ecological security of Yellow River (Yao et al., 2007). 
Based on the needs of the construction of ecological domain, the economic development of runoff generating 
area of upper basin is limited or forbidden, so that its opportunity would be reduced beyond question, then its 
comprehensive progress would be affected. The cost that runoff generating. 
2.2. The Consumption Area  
The consumption area is the area from the source region of basin to the estuary or evanishment of river. The 
relationship between each region of the consumption area is reflected at water volume and quality of the interfaces 
of regions along the basin intensively. If either water volume or water quality could not satisfy the standard, it would 
produce adverse effect to the development of economic and social in lower regions (Li, 2008) .Otherwise, if the 
upper area costs too much or loses its developmental opportunity, and takes a series of effective measures to provide 
sufficient water resources to lower areas, but has not obtained the corresponding compensation. As such, the 
positivity of guarantee on the water quality and the water volume in upper areas would receive the serious bruise. 
Based on the different function of water resources, it is necessary to manifest the balance of development for 
different function area from water rights trading price, when the water rights trading is carried on by basin city in the 
identical basin. 
3. The Operating Pattern of Compensation Mechanism of Water Rights Trading of Basin City based on the 
Differences of Function Regionalization 
Water resources are of public goods and have the obvious externality. It is very difficulty to precisely determine 
the object and the scope of the benefit obtained for the basin. Frequently, it forms a kind of present situation that the 
beneficiary not to compensate, and the protector not to be profited. The statement of the theory of water rights and 
water rights market provide the powerful guarantee to resolve the externality of public goods. It could be guaranteed 
that both upstream and downstream of basin would develop coordinately, if integrated the compensation mechanism 
in the water rights trading. The most important function is to promote the whole basin developing healthily and 
roundly. 
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According to the principle-“who benefits, who compensate”, on the basis of the theory of water rights trading 
market, we divide a basin into two or more regions, and integrate the compensation mechanism in the water rights 
trading in order to look for a reasonable manner to promote efficient utility of water resources and establish a 
harmoniously–developing, ecological-balanced system among upstream, midstream and downstream. 
The water rights trading market integrated with compensation mechanism is a market which associates the 
department of water resources and compensation standard organization together. On one hand, the department of 
water resources measures the market-entered water, check the users of water rights trading, and then begin the initial 
allocation to the users according to the water volume. Consumers may take various measures to promote the utility 
rate according to the water volume obtained. Thus the water resources saved by consumers can be put into trading 
market again. On the other hand, the compensation standard organization’s task is to determine the compensation 
goal of different basin water environment, make compensation rules, identify compensation types, do research in 
specific compensation areas and then evaluate the quantity and quality of water resources which flows between two 
parties. Finally, water rights trading market runs based on the protective price which was set according to the water 
price and compensation price made by two departments respectively. Water rights trading market integrated with 
compensation mechanism operates as picture 1 show: 
Figure 1. The operating pattern of compensation mechanism of water rights trading of basin city based on the 
differences of function regionalization  
3.1. Compensation-Subjects  
There are two compensation–subjects according to different situations in water rights trading market. One is the 
beneficiary of basin water resources. As regions heading from an identical basin all take the maximization of their 
own benefit as a goal, hence a non-economical externality is caused. So as the beneficiary of a social-subject, it 
should take the corresponding responsibility of ecological compensation. The other compensation-subject is the state. 
When the beneficiary is undeterminable in comprehensive functional compensation, the government is responsible 
for compensation. 
3.2. Compensation-Objects  
To protect the basin water resources is an activity along with strong external economic effects. If the protectors 
were not given any necessary compensation, there will be more free-riders (Lu et al., 2008). Thus a serious shortage 
of supply will emerge. So it is wise to establish two compensation–objects. One is the basin itself. During the 
development of basin city, businessman pursues maximization of individual benefits at the cost of pouring waste 
into the basin. The amount of waste poured into the basin is beyond its tolerance; therefore hinder the function of 
self-purification. Meanwhile, the spoiled basin water environment will affect the quality of citizen life and social 
development of sustainable development. 
Contributors in protecting the basins and victims living in the worsened water environment are the other 
compensate object. Due to the nature of public goods and the obverse externality, benefit-centered businessmen are 
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not willing to take up the protective activity when there are no rewards or compensations. Therefore a reasonable 
amount of compensation will greatly promote people’s enthusiasm of joining in environmental protection, and 
establish a well-ordered social atmosphere. Besides, paying compensation cost or affording other living and 
developing conditions to victims can truly embody the fairness of sustainable development. 
3.3. Protective Price 
Scientific and reasonable water rights price is an indispensible premise which will make sure the operation of 
water rights market. Over low price will cause excessive exploitation and waste of water recourses; over high price 
will increase the production cost, inhibit the utilization of water resources. Therefore it is another form of waste. 
Neither over low nor over high price can realize the perfect allocation of water resources. In general water rights 
transactions, there is a total control premise—a given quantity of tradable water resources .This kind of controlled 
quantity belongs to supply control according to economic language. Though the control of water supply and 
adjustment of market mechanism, trade behaviors are sure to happen and achieve a balance between supply and 
demands. 
  Since market mechanism can effectively control the price of water rights trade, the only thing that department of 
water resources need to do is to determine a price which is the sum of water price and compensation cost. This is the 
lowest limitation of water rights named trading protective price. The trading price is determined by market 
mechanism naturally without people’s interferences. In another word, if trading price is lower than ‘protective 
price ’, the transaction will be forbidden by the government because of not realizing the goal of mutual benefits 
between environment and economics. Unless the trading price is higher than Āprotective priceā, trading parties 
can have access to the market and carry on their water rights transaction successfully. 
3.3.1. Water Price 
Water price refers to water cost which should cover the overall opportunity cost of commodity water (Wen, 
2003). As to the matter of water cost, Wang Shucheng, head of China’s Ministry of Water Resources, pointed out 
explicitly, “Theoretically, the water cost can be divided into three parts, namely Water Resources Price, Water 
Engineering Price and Water Environment Price.” As illustrated in Picture 2, the three parts combined form the 
complete water cost proper. The article takes the Yellow River Lanzhou section for example to compute the water 
price.
Figure 2. The constitution of water price in theory 
A. Projective Water Price 
According to the information of the Water Supply Group of Lanzhou in 2006, the total supply cost of water in 
Lanzhou City is about 3 ×108 yuan, the total sales volume 2.24 × 108t. In 2006, the liability of Lanzhou Water 
Supply Group is 6 × 108 yuan, Lanzhou City water supply costs is 
                                                      
30000+60000
4.02 /
22400
yuan t 
            (1)
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 Taking into account the water supply investment costs to improve water quality and reliability in the future in 
Lanzhou, the projective water price should be 4.10 yuan / t. 
B. Environmental Water Price 
The urban sewage treatment cost in Lanzhou City in 2006 is 0.30 yuan / t. According to ĀLanzhou Yearbook 
2007ā and ĀChina Urban Statistical Yearbook 2007ā, the total sewage water of residents is 1.0340 × 108 t and 
Lanzhou urban sewage treatment rate is 58.19%. At the same time, according to the director of wastewater treatment 
plant of Lanzhou City, in order to maintain the normal operation of sewage treatment plants, the government 
subsidies for sewage treatment plants up to 0.3 × 108 Yuan each year.  
Therefore, wastewater treatment costs of Lanzhou City are about: 
3000
0.30 0.30 0.50 0.80 /
10340 58.19%
yuan t    u                                   (2) 
   Considering the environmental water price for residents living water is equal to the unit costs of the total 
treatment of living water, we takes the investment costs for new pipes and network and sewage treatment facilities 
in the future of Lanzhou City, environmental water price of residents living water in Lanzhou City is 0.85 yuan / t.  
C. Resources Water Price 
In the three elements of the theory of water price, resources water price is the most difficult part to determine, 
because it is influenced by water quality, regional economic level, the concept of household consumption and other 
factors. In this paper, fuzzy mathematical method is applied for calculating the price of water resources. Although 
this approach is difficult to determine in the aspects of evaluation criteria and weights, etc., but it itself is highly 
comprehensive and feasible (Wang et al., 2003) .  
ķ The determination of evaluation indicators   
The factors affecting water resource price are very large, and it is impossible to take all of them into account. 
Thus only some decisive factors are chosen here. The three elements of water resources price are: usefulness, 
scarcity and property rights.  
The Engel coefficient (%) = total expenditure on food / household or personal consumption expenditure × 100%  
(3) 
ĸ The determination of evaluation criteria   
According to the general idea of fuzzy evaluation, the evaluation of the indicators is divided into five grades: 
high, sub-high, normal, sub-low, low.  
Table 1.  The evaluation criterion of water resources value 
Evaluation Level High Higher General Low Lower 
Engel's Coefficient Evaluation Criteria˄%˅ 25 35 45 55 65 
Water Quality Assessment Standard (Composite 
Index) 
0.5 1.5 2.5 3.5 4.5 
Water consumption per capita standard of living 
ǏL/˄person·d˅ǐ 250 200 150 100 50 
Ĺ The determination of evaluation relationship of fuzzy evaluation  
a. Evaluation of Engel's Coefficient of Lanzhou City family Engel coefficient of urban residents of Lanzhou City 
is 35.6%, so the Engel's coefficient evaluation relationship in Lanzhou is as follows:  
                                                 0.00.01.09.00.01  X                                                                      (4)  
b. Source water quality evaluation of Lanzhou City  
In 2006, the compliance rate of the drinking water quality in Lanzhou is 100%. Ying-door Beach, Cui Tai Tan 
groundwater quantity of water 1.1406 × 107 m3, taking of water, 6.8%; West, West liugou solid surface water 
quantity of water 1.5545 × 108 m3, taking of water to 93.2% (Wang et al., 2003) . According to the data in 2006 
calculated by the fuzzy evaluation model (Jiang, 1999)   was the relationship between Lanzhou City, the source  
water quality assessment as follows:  
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000.0000.0000.0932.0068.02  X                                                       (5)  
c. Evaluation of the per capita water consumption of Lanzhou City, the per capita water consumption is 129.17 L / d, 
come to evaluate the relationship between Lanzhou, the per capita water consumption is:  
                               
 0000.04166.05834.00000.00000.03  X                                                   (6)  
d. the determination of the weights Making average values of evaluation criteria and the local value of the 
specific evaluation criteria for determining the ratio between the weight basis.  
Among them, the Engel's coefficient evaluation criteria values, the per capita water consumption standard values 
are from "China Statistical Yearbook 2007," because the main water source of the city of Lanzhou Yellow River, so 
take the average water quality in the Yellow River as the average value of evaluation criteria, as in Table 2 shows.  
 Table 2. The proportion of each kind of water quality in Yellow River 
Water Quality Standards Grade ĉ GradeĊ  Grade ċ GradeČ Grade č
Ha trang /km 1867 3016 2586 1238 1832 
Proportion /% 17.7 28.6 24.5 11.8 17.4 
Calculated the average water quality of Yellow River  
              
826.2%4.175%8.114%5.243%6.282%7.171  uuuuu                                     (7)  
ĺ Comprehensive Evaluation of water resources in Lanzhou City Obtained from the above weights and fuzzy 
evaluation matrix for composite operators are:  
Table 3. The weight of water resources price of Lanzhou in 2006 
Evaluation Level 
The average 
value of China's 
evaluation criteria
Lanzhou City, the 
value of the 
specific
evaluation criteria 
Ratio Weight 
Engel's Coefficient Evaluation Criteria˄%˅ 35.8 35.6 0.994 0.317
Water Quality Assessment Standard (Composite 
Index) 
2.826 1.931 0.683 0.218
Water consumption per capita standard of living
ǏL/˄person·d˅ǐ 188.3 129.17 1.458 0.465
            
 
 0.00000.19370.30300.48850.0148
0000.04166.05834.00000.00000.0
0000.00000.00000.09320.00680.0
0000.00000.01000.09000.00000.0
465.0218.0317.0
 
»»
»
¼
º
««
«
¬
ª
 x RLJ
                  (8)  
 Where, J is the value of a comprehensive evaluation of the value of water resources; L elements of the weights 
for the evaluation of the value of a matrix consisting of; R matrices for a single element of a comprehensive 
evaluation of judging matrix.  Fuzzy comprehensive index of water resources, as follows:  
    6756.2543210.00000.19370.30300.48850.0148  x x TTJW               (9)  
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  Where, W is the water resources; J is the fuzzy composite index; T is the transpose matrix.  
Ļ Calculation of water resources vector  
  According to “Lanzhou Statistical Yearbook 2007”, in 2006 in Lanzhou urban residents per capita disposable 
income of 9.418 × 103yuan, household water consumption is 6.983 × 107m3. Then the water consumption in 
Lanzhou City is 37.34 m3/a per capita.  
  As the water price for the current construction of Lanzhou 4.10 yuan / t, environment, water price is 0.85 yuan / 
t. Water to take home affordability index 0.03, its water resources can withstand P as follows:  
9418 3%
4.10 0.85 2.62 /
37.34
P yuan t
u    
                                                        (10)  
  According to the survey data for the Institute of Sociology under the Chinese Academy of Social Sciences, 
“Contemporary Changes of the Chinese social structure”, determine the group as shown in Table 4. 
Table 4. The personal income grouping 
Income group High Higher General Low Lower 
Proportion˄%˅ 2.1 10.1 22.9 23.6 41.3 
Therefore, the proportions of income groups from low-level-cumulative, and accordingly determine the water 
vector N as follows:  
                          
 
 T
TN
413.0649.0878.0979.0000.162.2
413.0413.0236.0101.0021.01021.01000.162.2
 
 
                   (11)  
ļ The calculation of water resource price of residents living water in Lanzhou City  
The current reasonable water resources price in Lanzhou City (WRP) is as follows: 
 
* ( * )*
1.000
0.0000 0.9000 0.1000 0.0000 0.0000 0.979
0.317 0.218 0.465 0.0680 0.9320 0.0000 0.0000 0.0000 *2.62 0.878
0.0000 0.0000 0.5834 0.4166 0.0000 0.649
0.413
2.62
WRP J N L R N  
­ ½§ ·° °¨ ¸ª º° °¨ ¸° °« » ¨ ¸ ® ¾« » ¨ ¸° °« »¬ ¼ ¨ ¸° °¨ ¸° °© ¹¯ ¿
   3
1.000
0.979
0.0148 0.4885 0.3030 0.1937 0.0000 2.32 /0.878
0.649
0.413
yuan m
§ ·¨ ¸¨ ¸¨ ¸  ¨ ¸¨ ¸¨ ¸© ¹       (12) 
 Thus Water Price of the Yellow River in Lanzhou is 7.27 yuan / t. 
3.3.2. Compensation 
According to Environmental Quality Standards for Surface Water issued by China’s Ministry of Environmental 
Protection, when surface water in the upstream region reaches the downstream region, water quality shall be subject 
to Class ċ, in which case, both of the regions are exempt from compensation. If the quality is superior to the 
criterion mentioned above, downstream regions have to pay compensation to upstream regions. If the quality is 
inferior to the criterion, downstream regions can claim compensation from upstream regions (Zheng et al., 2006). 
 If the governments of relevant administrative regions succeed in reaching an agreement on quality and discharge 
of river water, the pertinent valley authorities can work together to establish a basic criteria C0 for valley water 
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trading compensation,(which can be used to measure the economic value of a particular ecological compensation). 
In this case, 
                                                
 EiT IPLGDPfCCC ,,,00 x x J                                                     (13) 
In the formula, CT is seen as the amount of compensation from the city of i in the water rights trading; ri as the 
compensation factor of the city of I; f(GDP,L,P,IE)as a function and GDP,L,P,IE as the argument of the function; 
GDP as gross domestic product; L as the index of water discharge through city i; P as the general index of water 
pollution; IE as the investment in the protection of water resources by contributing areas. 
As shown in Picture 3, in the process of water rights trading, the transaction of IE is likely to fall into three 
categories, including the dealings ķamong basin cities within runoff generating areas, ĸbetween basin cities in 
runoff generating areas and those in consumption areas, and Ĺamong those within consumption areas. Sequentially 
in ķˈwhen the transaction of water rights is conducted between city A and city B, both of which are involved in 
the protection of the source region, IE, in this case, can be worked out by comparing the proportion of A’s 
investment in water conservation to its GDP with that of B. In ĸ, when the dealing happens between B and A, we 
can work out IE in accordance with the proportion of B’s investment in the protection of the source region. InĹ, IE
can be left out of consideration. 
The result in Formula Ł can be a positive number, a negative number, or zero. When CT is a positive number, an 
indication that the comprehensive level of water pollution in a city is higher than the basin environmental criterion, 
the city government should pay compensation to its counterpart. When CT is a negative number, showing that the 
comprehensive level of water pollution in a city is lower than the basin environmental criterion, the city government 
shall claim compensation from its counterpart. When CT is zero, which means that the comprehensive level of water 
pollution in a city is in line with the basin environmental criterion, both cities are free from compensation. In such a 
case, the inter-government compensation for water environment protection can be implemented under pertinent 
provisions between the upstream and the downstream. The compensation is used as the incentive to govern pollution 
and improve environment so that undue administrative intervention can be avoided. 
Figure 3. The principle diagram of compensation mechanism of water rights trading of basin city based on the 
differences of function regionalization (Xu et al., 2008)   
4. Conclusion  
Given China's worsening environment in the water trend, it is inevitable that the governance mechanism will shift 
from the government-led to the economic-led. Only when we carry out the two principles-“who pollute, who pay” 
and “who benefit, who compensate”, can the externalization of public goods be removed. During the course of basin 
environmental protection, the introduction of environmental economic instruments, the establishment of water rights 
trading market, and the application of the compensation principle into the trading market, working in combination, 
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have promoted the protection and improvement of source region environment, achieved environmental equity 
between the upstream and the downstream, mitigated the downstream pressure to control pollution. These effective 
measures also make it possible for river basins to develop in a healthy, harmonious, and stable way. Due to the 
complication of compensation mechanism on water rights trading, more efforts are needed to make further 
exploration on the issue. Some of my views remain to be improved. Operational procedures need to be refined. 
Further studies also have to be conducted on mechanisms of laws and management which are designed to match 
compensation mechanism on water rights trading. 
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